Objective. Higher subclinical enthesitis on US has been reported in IBD and celiac disease, separately. The objective of this study was to compare IBD and celiac disease for enthesitis on US. Higher enthesitis scores in IBD compared with celiac disease would support a shared pathogenic mechanism between IBD and spondyloarthritis, whereas similar scores may suggest a general impact of gut inflammation on the enthesis.
Introduction
Enthesitis, the inflammation of the attachment sites of ligaments, tendons, joint capsule or fascia to the bones, is a characteristic sign and hallmark of spondyloarthritis (SpA) [1] . However, it is not specific to SpA and can be seen in other inflammatory and non-inflammatory conditions [2] . Celiac disease is a systemic autoimmune disorder of the bowels induced by gluten consumption, with extra-intestinal manifestations one of which is musculoskeletal features, but it is not specifically associated with clinical enthesitis or other enthesitis-associated features including axial inflammation or nail involvement [3] . Subclinical enthesopathies were previously reported in celiac disease when screened by US [4, 5] . Similarly, IBD may also present with articular features in addition to subclinical enthesitis [68] . To date, there are no studies comparing the entheseal changes in celiac disease and IBD.
In this study we aimed to explore the entheseal changes and confounding factors in IBD and celiac disease compared with healthy controls (HCs). Higher enthesitis scores in IBD than celiac disease would support a relationship between IBD and SpA and a shared pathogenic mechanism between the two, whereas similar scores may suggest a more general impact of gut inflammation and associated barrier dysfunction are a key feature in triggering entheseal changes. We used US to demonstrate entheseal changes as physical examination has been shown to underestimate enthesitis when compared with US [9] . Additionally US gives information about the inflammatory changes as well as tissue damage, which enables a more detailed comparison at a tissue level. We also summarized the literature to describe the similarities and differences among studies.
Methods

Study design
In this cross-sectional study, patients with IBD and celiac disease were consecutively recruited from the gastroenterology outpatient clinic of Sakarya University Education and Research Hospital between 2016 and 2017. This study was approved by the local Ethics Committee at Sakarya University Education and Research Hospital, Turkey (No. 16214662/050.01.04/ 112-113) and informed consent was obtained from all individuals. Celiac disease was diagnosed clinically and on duodenal biopsy, and IBD was diagnosed based on characteristic endoscopic and/or histopathological findings. The inclusion criteria were as follows: being >18 years, no enthesitis on history and on exam, no symptoms and signs of SpA, no NSAIDs within the past 3 months and no biologics in any time frame. The HCs were enrolled among asymptomatic volunteers working in the hospital and patients' acquaintances, excluding blood relatives.
Clinical assessment
Demographic data were collected including age, gender, BMI, disease duration and medications. The duration of gluten-free diet for patients with celiac disease was recorded. Prior to US scan, all subjects underwent a clinical examination by the same physician (C.K.) to record tenderness in the same entheseal sites of the US scan elicited by pressure.
Ultrasonography
Patients had a US scan on the same day of their clinical assessment by an experienced rheumatologist (S.B.U.), blinded to physical examination findings and diagnosis.
US was performed using a LOGIQ P9 (GE Healthcare, USA), with a 713 MHz linear transducer. Power Doppler (PD) settings were standardized with a pulse repetition frequency of 500 Hz and low wall filter. The colour gain was increased to the highest value where no PD signal was observed below the bony cortex. The insertions of the quadriceps tendon, proximal and distal patellar tendon, Achilles tendon, plantar aponeurosis and triceps tendon were examined bilaterally, in longitudinal and transverse planes. Hypoechogenicity, thickening, enthesophytes, calcifications, erosions and entheseal PD signals were evaluated as elementary lesions [10] . Findings were graded on a scale between 0 and 3 for each of the abnormalities as described before (details provided in supplementary Table S1 , available at Rheumatology online) [9] . Briefly thickening and erosions were scored quantitatively whereas the rest was defined semi-quantitatively (normal: grade 0; mild: grade 1; moderate: grade 2; severe: grade 3).
Findings that are associated with inflammation (hypoechogenicity, thickening and PD) were summed to calculate an inflammation score. US findings related to tissue damage (calcifications, erosions and enthesophytes) were summed to calculate a damage score. The sum of these two scores gave the total US enthesopathy score.
Statistical analysis
Continuous data were described using means (S.D.) and categorical variables were expressed as frequencies (percentages). The independent-samples KruskalWallis test was used to compare US scores between groups, followed by the MannWhitney U test for paired comparisons, and the chi-square test was used to compare categorical variables. Correlations between clinical variables and US scores were analysed using the Spearman rank-correlation test. A regression analysis was performed to understand the impact on the US scores including age, gender, BMI and diagnosis as independent variables. P < 0.05 was considered statistically significant, but when three groups were compared, a Bonferroni correction was made and the P-value was set to 0.017. SPSS version 24 (IBM, Chicago, IL, USA) and R statistical software (R Foundation for Statistical Computing, Vienna, Austria) were used for analysis.
Results
Forty-four patients with celiac disease, 43 patients with IBD (12 Crohn's disease, 31 ulcerative colitis) and 18 HCs were enrolled ( Table 1 ). The groups were matched for BMI and age whereas there were more males in the IBD group.
The comparison of US findings among the three groups
There were significant differences among disease groups and HCs for inflammation and total US scores but not for damage score (P = 0.007, P = 0.012 and P = 0.53, respectively). When compared within pairs, IBD and celiac disease patients had similar inflammation (P = 0.652), damage (P = 0.278) and total US scores (P = 0.628). The inflammation score of celiac disease was higher than that in HCs (P = 0.004) as well as the total inflammation score (P = 0.005) but not the damage score (P = 0.508). The same results could be observed with IBD vs HCs (inflammation, P = 0.003; damage, P = 0.947; total US score, P = 0.009) ( Table 1, When the frequency of each elementary lesion was evaluated, there was a significant difference for the presence of thickening at quadriceps, distal patella, Achilles, triceps entheses and Doppler signals at the distal patellar enthesis. When compared as two groups, the thickening of the distal patellar enthesis, Achilles and triceps enthesis was more frequent compared with celiac (P = 0.002, P = 0.006 and P = 0.001, respectively) with more frequent Doppler signals at the distal patellar enthesis (P < 0.001). The distal patellar tendon thickening in the IBD group also was more frequent than for the HCs (P < 0.001). The rest of the comparisons were not significant, after Bonferroni correction (supplementary Table S2 , available at Rheumatology online).
Factors associated with US score
In IBD, age was significantly correlated with inflammation, damage and total US scores (supplementary Table S3 , available at Rheumatology online). BMI was also correlated to inflammation and total US scores but not to damage score. Disease duration was independent of inflammation and damage scores. Men had higher inflammation [11.30 (5.398) vs 6.94 (4.434), P = 0.005] and total US [12.44 (6.241) vs 8.06 (6.567), P = 0.005] scores than women whereas damage score was similar.
For celiac disease, age was correlated with damage score but not with inflammation and total US scores (supplementary Table S3 , available at Rheumatology online). Interestingly there was an inverse correlation between the disease duration of celiac disease and inflammation and total US scores, which possibly reflected the fact that longer durations of gluten-free diet resulted in intestinal repair. Damage score was not linked to the duration. Men had higher inflammation score then women at a borderline significance [14.67 (7.55) vs 9.41 (5.934); P = 0.05], whereas the other scores were not significantly different (data not given). BMI was not correlated with either inflammation or damage score in celiac disease. In HCs, both age and BMI had significant correlations with the US scores (supplementary Table S3 , available at Rheumatology online). Gender did not have an effect on the US scores (data not given).
Regression analysis
For females, keeping all other predictors constant, patients with celiac disease had 2.469 times (at significance level 0.05) and IBD patients had 1.650 times more inflammation than HCs (at significance level 0.1). Patients with celiac disease had 0.819 of the inflammation score of IBD patients (at significance level 0.1).
For males, celiac patients had 2.347 times more inflammation than HCs. The mean inflammation scores were similar in IBD and HCs and the difference between celiac and IBD groups was significant at a lower significance level, 0.05. Again keeping all other predictors constant, the mean damage scores are not statistically different from each other in celiac disease, IBD and HCs, either in females or in males (details given in supplementary Tables S4S9, available at Rheumatology online).
Discussion
This is the first study to compare the entheseal abnormalities in patients with IBD and celiac disease without signs of entheseal involvement of SpA as compared with HCs. Entheseal inflammation scores were higher in patients with IBD and in celiac disease patients than in HCs whereas the damage scores were similar. Celiac disease and IBD had similar inflammation, damage and total US scores, but the regression analysis surprisingly showed even higher inflammation score in celiac disease.
Our results are compatible with the literature where all studies found subclinical entheseal disease in celiac disease and IBD, but this is the first direct study comparing the two [48] (supplementary Table S10 , available at Rheumatology online). Our findings also supported the idea that restoration of intestinal barrier function with a gluten-free diet was associated with less enthesopathy since celiac cases with shorter disease duration had more sonographic changes.
One of the major differences of this study vs the literature is the effect of BMI, gender and age on the US scores. We saw a clear relationship between these and US scores whereas the study by Atteno et al. [4, 5] had found no effects of BMI on celiac disease. Our observations are also supported by other publications where these factors have been linked to US findings in SpA [11, 12] . The lower limb enthesis is exposed to biomechanical stress continuously and obesity is a risk factor increasing the load over the enthesis. Age is also another factor that reflects the duration of biomechanical stress and therefore the impact of these on the US scores would be quite expected.
Another difference is the effect of gluten-free diet on US scores in celiac disease. The first study by Atteno et al. [4, 5] did not show any connections between these two, whereas later on they published another study where patients on gluten-free diet had lower US scores than untreated patients. Similarly, in our study the correlations between disease duration and the US scores were found to be in opposite directions in IBD and celiac disease. Although the impact of the gluten-free diet did not reach statistical significance in our study, people may have started a gluten-free diet soon as after getting a diagnosis, making it difficult to analyse the effect of disease duration and the treatment effect due to their overlapping in celiac disease. Gluten-free diet may reverse some of the sonographic entheseal abnormalities [5] . Whether this is linked to the reduction of the intestinal inflammation needs further investigation. The importance of subclinical enthesopathy in IBD is not known, but one small study in psoriasis showed that subclinical enthesopathy may precede the arthritis [13] . We can not make any further inference due to the cross-sectional design of our study.
There is emerging evidence to support the link between the gut and the joints. Subclinical gut inflammation is reported in 60% of patients with SpA, and IBD can develop in 712% of SpA patients [14] . Historically it has been demonstrated that HLA-B27 and human b2-microglobulin transgenic rats did not develop arthritis or colitis when raised in a germ free environment [15] . The role of intestinal microbiota is increasingly recognized in SpA and it plays a critical role in the pathogenesis of IBD [16] . Finally a large number of genes have been found to be linked to both IBD and AS [17] . The enthesis is increasingly recognized as the primary site of inflammation in IBD-related arthropathy and hence we studied the gutenthesis axis with the present study further supporting this concept. Finally, although IBD and celiac disease are viewed as completely separate immunopathogenetic disease entities, some studies have shown that IBD is 10 times more common in celiac disease sufferers whereas celiac disease is not common in primary IBD [18, 19] . An interesting hypothesis to consider is that abnormal gut permeability associated with both celiac disease and IBD may result in subclinical entheseal inflammation (Fig. 1 ). Also, it is possible that these subclinical entheseal changes may relate to the patterns of clinical arthropathy reported in celiac disease, although such arthropathy is rare in our experience.
Our study has some limitations. Although we were still able to see clear differences among groups, our relatively small sample size might not give us enough power for analysis of subgroups including gender. A longitudinal study is needed to be able to capture the impact of the gluten-free diet on the entheseal features. It would also be interesting to determine whether the US enthesopathy score is linked to the titres of tissue transglutaminase since autoantibodies against this may correlate with the degree of subclinical disease activity. However, no link was seen in a previous study [5] .
In conclusion, patients with celiac disease and IBD have higher subclinical enthesopathy scores in comparison with HCs. Although these diseases have different pathogenic mechanisms, the common mechanism among them might be intestinal permeability disorders due to inflammation of the gut. Based on these data, we hypothesized that this common pathway may lead to similar enthesitis US findings in these diseases. It is likely that the shared genetics of IBD and SpA around the IL-23 and several other pathways leads to the supervening inflammatory phenotype in the SpA [20] .
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FIG. 1 The gutenthesis connection
The association between enthesopathy and gut disease extends beyond IBD, as seen in celiac disease. It is proposed that abnormal gut permeability in both major classes of enteropathy leads to access of bacterial adjuvant and other intestinal products to the circulation. Given the micro-damage and subtle vascular perturbations at the entheseal sites of high stress, these adjuvants may get deposited at the entheseal sites, leading to perturbation of normal immune homeostasis and tissue repair. The shared genetics perturbations between the gut and the enthesis in SpA with greater magnitude of systemic inflammation may lead to the eventual SpA clinical enthesitis phenotype.
